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Oriented Elast marie Rim and Method of Manufacture 

SeVZltlVoSmad* n * ral,y * ,h '" n0p,as1ic • las,om » f « «* in particular, to thermoplastic elastomer films which have 

P °V? K P ? per1 * S of ^ermoplastics and elastomers and have a wide range of appli- 
catons. In certam appleafons. a thermopfaslc elastomer film is dimensionaJly stabilized in a stretched oonditon (whwin 

Em!* VJt^*S,l "I'T *T in) ,0r ™**«*»™ «•• ^example, the str.tchad th.rmopla SZ • a 
T*,™^**,? to 1 « ubs1f *« »" d causing the thermoplastic elastomer to shrink and retain subsiant,ai 

h«fr ah to J£?-E. WaiS ^ nd and r * h9a, * d ""•'"O ,h# « h »«™»Pl«* •!*««"•' to contract and reveri to a 

th/rL^'.i! ^LEIl ! P""** "* h » and stretchable waistband. A similar application of 

ih. ^r^f^^^' Pa,,iCUlarty "J*™ ,h8 ,h9rm °P las,i = •laitomer is secured to a substrata for later contraction by 
. isKSot tS B hI1T^ h ,he ,h « r r pla5lic • ,as,om>r ha " ««»tiv1y high shrink force since ,h. substrate 
InJ c ,.^1 ,0 ^f " da,arm,n,>d by.nwasurino the shrinkage of the film sample against an applied force 

■w a y ,ne » m P° s "»" of the present invention, partcularly with respect to weighted shrink oroDenies 

ing TnS " ZSS^'r" *• ,aCki ~" Wheh -P**« ""wind* g tf ^TSSocm- 

ssir^s ssSEr * scars ssrisss 

<0 more tha"TKl fEnX oMhL len t° 0fn P nses rom 1 0 * <° percent of the olefinc elastomer, not 

ethvlen.^^ we,h, percent of the thermoplast.c 

tr^ n2™. n S?5SnT (pr t lVablvT«^ n hf T i$eS l f0m 1 ° 10 40 w, * hl P 9 ™"' 0' ""tomer, noi more 

™ 9 h< p3n ^ P*^?') 0f a ,"° rmal, y P^^ng oil. and from 50 ,o 80 

(a) extruding the blend in meft form to lorm a film- 

(C) Dartia iV annaa mn the tirm/-k«^ #;t^. 7 ^ 7 " ■ 



55 



60 



65 



(c) partially annealing the stretched film; and 

(d) cooling the film while maintaining stress on the film 



posrte thus may be expanded by the application t/riKfch LSS S., 1 P° SS9sses • las,e P™P"t™. The. com- 
-**. 01 ta» eoilraoi txnMh. TSTJ? Ik. 1.^ *. V* , su6 » ,am " ll » 
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10 



is 



(a)s,r. 1C horH,n,i„ Bafilmhj|vjnga mSO-nd**. 

9 to 40 wigh, pa^rTa" °' a " • ,hy,,ne W "W copolymer (EVA) h.vino 

(b annealing the film *t * n C 
t^fiim. 0 • n " nnaa " n 8 , ^«tur.of ± „. 1 . Cofth . ori| , nta ,. 

a.—- — , . « 

::r:r:::;:cr:f 

having a MeT.nda'Ta fff."?'^ » firs, iaver .„ d ■ . 
in the inoE anS T 9ntion ' * « "acassary , 0 u*. ~- • in ,he 

^S*«3rS^^ - 

?^:25&"" — ■ 

me Inree components of the btanrf « rt)0n Process oil. ™«e-main compo- 

se ownoar « as follows : 

Component * d* # - 

Oiefin,c Elastomer Concentration c212l?, ' 

f thylene Copolymer 1 0 - 40 wt % n 

ProcessOiJ ■ 50>80wt% in ^ Wt% 20 - 30 «t % 

65 "or more than 12 wt% 2 f 0 °*J «, 75 S J 



20 



25 



30 



35 



40 



45 



50 



4 *8 wt% 
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25 



30 



7>»e above concentration range may be combined in any permissibly combination, although the particular combinations 
shown are preferred. F r example, a preferred composition comprises 10 - 40 wt % elastomer, 60 - 80 wt % ethylene co- 
polymer and not more than 22 wt % process oil. The weight concentration of each component is based on the total 
weight f the thr e main components 

5 

Elastomer Component; 

The olefinic elastomer component of the composition preferably comprises an ethylene copolymer elastomer, such as a 
10 copolymer of ethylene with higher ajpha-oiefin. Preferred ethylene elastomer copolymers include EPM (A5TM D-1418- 
72a cessation for an ethylene-propylene elastomer copolymer) or EPDM (ASTM D-1418-72a designation for an 
ethylene-propylene d.eneelastomer terpolymer). Also usable are high molecular weight poryisobulylene. butyl rubbers 
ana naiogenated butyl rubbers. 

tc k. P !* f * r « ! ,h £! n9 • l " s,om,r copolymers tor use herein comprise from 30 to 90 weight percent ethylene, more prefer- 
15 ably from 35 to 80 *i 9 hl percent ethylene, and most preferably from 50 to 80 weight percent .thylene and have a 
Mooney viscosity (ML 1 ♦ 8 at 127*C) between 25 and 80. 

EPDM is a terpolymer of ethylene, a higher alpha-olefin such as propylene, and a nonconjugated diene. In such elas- 
tomersjhe noneonjugated dolefin may be straight chain, branched chain or cyclic hydrocarbon diolefins having from 6 to 
is caroon atoms. - ° 

20 no h ncon i u ? a,e ^» ft « s VP*** V«»d to prepare these copolymers, preferred are dicyclopentadiene; 1 ,4-hexa- 

1 ! « Y 1 S^? 0 * 5 -« th W«ane-2-norbornene; 5<thylidene.2-norbornene (ENB) and 1.4-hexad.ene 

the 11 ^ZtL'pDnu 0 1 EP ° M • las , ,om r $ «* *•* ™'"«J oi manufacture are wall known to those .killed in 
the art. Oil extended EPDM elastomers may also be used. Preferred EPDM elastomers contain from 30 to 90 weight per- 

• anju9ate^d»le?n. m0S, * 6 ° ,0 60 ' w ^ »» fc * m and < rom 0-5 *> 15 weight percent of the non- 

As mentioned above, the olefinic elastomer useful in this invention may also be a polyisobutylene, a copolymer of iso- 
buty ene and soprene (generally known as butyl rubber) or a hatog.naled'copolymer of isobulylene and *£en (B W 
K^S,V-n bm T' rUbbef - SUCh " chtorina1 ^- b^minated and chlorobrominated butyl rubberfsu^lTubber 

2 nm ^^n^« C ° P0,ym,r °°" ,ainin 9 ,rom 85 to "5 Percent combined isoolefin having from A toe eaten 
theiT™ *Z °. J Ifj*™'" ~ mb,ned «> n i"9** dolefin having from 4 to 8 carbon atoms. Such copolymer an\l 
£>unS IZ T^L 0Wn ' B !T e I al,y ,h8 iS00le,in " 8 oom P ound such as isobutylene and the dioleTin is a am 
pound such as butadiene or isoprene. Halogenated butyl rubbers are also well known: chlorinated and brominated butyl 
rubber generally contams from 1.0 to 3.0 weight percent bromine and from 0.05 to 0.5 weight percent chlorine ^ 

Ethylene Copolymer Component: 

The ethylene copolymers indude those of ethylene and alpha-olefins having 3 to 16 carbon atoms such as oroovleno or 
-buttne^isc, eluded are copolymers of ethylene with unsaturated esters'* a bwer ca^fyfe LiS or wrtKnsatu 

Xylene mosf LeferZ^m ft^ copolymers ,o be employed generally contain from 50 to 99 weight percent 

ewyiene, most preterabry from 60 to 95 weight percent ethylene 

a, J he ?° St P fe<erred copolymer useful in the present invention is EVA. The EVA may have a vinvl acetate 

(VA> cement between about 95 % and 40 % by weight, with about 15 to 35 weigh, percent VA *T?pXld ' 
.fan » J n? n,S , 6 *f W 9 % * ^ P 0 " 9 " ^i 6 ™ andoriSntabilrty for pur£Js * th present inven- 

S^vr^^?sl?^*«" , " b — "*5 and no^aSsT 

Preferred Melt Index (ASTM-D-1 238. Condition E) for EVA is from 1 to 20. with 2 to 10 being most preferred 

B -St! y £ ' "^T*' COmp °"! m normal, > r *«""*» »• grating temperatures* th TtenS and ann.alino 
operatons. These operations may be carried out at temperatures not less than ioo»F f37 7»C> and hltZ ,£11?^ , 

^nilg^ C nSj^ 

71 °C. For economics, orienting temperatures of 71 <>C and below are preferred. w"w«en atx>ut 54 c and 

Process Oil Component: 
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Other Additives: 

The composition may also include a filler material, an ami block agent, processing ads, stabilizers and other conventional 
additives. 

5 

Film Preparation 
Realn/Blend Preparation: 

10 

Preparation of compositions usable in this invention can be achieved in several different ways. The various components 
may be brought into intimate contact by. tor example, dry bending these materials and then passing the overall composi- 
tion through a compounding extrude/. Alternatively, the components may be fed directly to a mixing device such as a 
compounding extruder, high shear continuous mixer, two roll mill or an internal mixer such as a Banbury mixer: The op* 
75 tional ingredients previously described can be added to the composition during this mixing operation. Overall, the objec- 
tive is to obtain a uniform dispersion of all ingredients and this is readily achieved by inducing sufficienl shear and heal to 
cause the plastics component's) to melt. However, time and temperature of mixing should be controlled as is normally 
done by one skilled in the an so as to avoid molecular weight degradation. 



20 



35 



50 



Film Extrusion: 



Film from the resin compound may be manufactured by conventional tubular extruson, (blown bubble process) or by cast 
extrusion, with the latter being preferred. In the cast extrusion process, the molten resin is extruded from an elongate die 
25 to the form of a web. The web is cast onto a chill roller, which solidifies the polymer, and finally wound into a roll. 

The extrusion temperatures, die temperatures, and chill roll temperatures will depend on the composition employed, 
but generally will be in the following ranges for the compositions of the present invention prepared by cast extrusion: 

Melt Temperature ( e F) 350- 450(00) 176 -233 

30 Die Temperature (°F) 350 • 450 ( e C) 1 76 - 233 

Chill Roll Temperature (°F) 70 - 130 {°C) 21 - 55 



The process described above may also include a set of embossing rolls to chill and form the film. 



Orientation: 



Orientation of the film may be carried out' in the machine direction (MD) or the transverse direction (TD) or both directions 
(biaxialiy) using conventional equipment and processes. 
40 For orientation in the MD, a polymeric film at an elevated temperature (but below the crystalline melting point of the 

polymer) is passed from a feed roll film around two rollers driven at different surface speeds and finally to a take up roller 
The driven roller closest to the takeup roll is driven faster than the driven roller closest to the feed roll, such that the film is 
stretched between the driven rollers. The assembly may include a roller intermediate the second roller and takeup roller to 
cool the film. The second roller and the takeup roller may be driven ai the same peripheral speeds to maintain the film in 
45 the stretched condition, rf supplementary cooling is not used, the film will cool to ambient temperature on the take up roll 
The degree of stretch win depend upon the relative peripheral speeds of the driven rollers and the distance between 
the rollers. Stretch rates of 50 to 500 perceni/minute will be satisfactory for most MD orientation applications. 

Preferably, however, film orientation wilt be carried out in a (entering device to impart TD orientation to the film The 
film is cast as desenbed above or is unwound from a film roll and then gripped by the edges for processing through the 
orientaton steps. The film is passed successively through a preheat step, a stretching step at elevated temperatures (e g 
from 37.7°C to a temperature slightly below the crystalline mehing point of the ethylene copolymer), an annealing step 
and finally a cooling step. (Although cooling may be considered part of the annealing step, for convenience it is described 
as a separate step herein.) The preheat, orientation, and a portion of the annealing temperature is controlled at an elev- 
ated temperature but below the crystalline melting point of the polymer. Although not essential, it is preferred that tension 
55 be maintained on the film during the annealing and cooling steps to minimize shrinkback. Upon cooling to ambient tern- 
perature (i.e.. room temperature) or near ambient, the holding force may be released. The film may contract somewhat 
(snapback) in the TD but will retain substantial portion of rts stretched length. 

The tenter operating conditions can vary within relatively wide ranges and will depend on the several variables includ- 
ing film composition, film thickness, degree of orientation desired, annealing conditions, etc. The following is exemplary o* 
60 a process for stretching 100 micron thek film (containing EVA) from 61 cm wide to a final width of about 152 cm using a 
tenter manufactured by Marshall and Williams Company of Providence, Rhode Island. 



65 
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Estimated Rim Range 
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IS 
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25 



30 



35 



Step Br ad 

Preheat 100-160°F 377-7l°C 

Stretching 100-160°F 37.7 - 7t°C 

Annealing 100-160°F 37.7 -71°C 

Cooling Ambient 



Preferred 

115-140°F 46 - 60°C 

115-140°F 46 - 60°C 

110-150°F 43 - 66°C 
. Ambient 



Typical 



Approximate 
Time (Sec) 



125°F5V6°C 
125°F 5V6°C 
120°F 48.8°C 
Ambient 



3.0 
9.0 
3.0 
6.0 



As indcated earlier, rt « highly desirable to employ an annealing step in the process. Annealing partially relieves the inter- 
na! stress in the stretch** Mm and d.mensionally stabilizes the film for storage. It has been found that by annealing the 
film at a temperature of ± 22 2°C preferably ± 11.1-C of the orientation temperature (but slightly betow the crystalline 
melting point of the ethylene copolymer) eliminates undesirable shrinkage during storage. The preferred annealing tem- 
2 ™^ *^ an "°T lf?* C \*"> Temperatures which result in e*c*ssrv. stress relievinglhould 

be avoided, since substantial frozen rn stresses and strains should remain after the process is completed 
P«f A fi ?2s. a J ,r S, Can bg , k acoom P ii f hed bjf maintaining the film in the stretched condition at the annealing temperature. 
Preferably, however .the annealing and cooling is carried out while permitting the film to contract slightly but still under 
stress. The gu.de rails of the tenter can be arranged in a converging manner to provide the annealing and cooling while 

?em OV « fftSUft ! in • liminatin S « tora 0* shrinkage. This annealing and preshrinking 

removes some of the film stresses and strains so that shrinkage will not occur at storage temperature^ However the an 

IE <f029n " "« ^ ^ * — 

The degree of stretching may vary within wide ranges. Draw ratios of 1.3 : 1 to 6 : 1 are possible with 2 ■ 1 to A • 1 

Sj;;:; Th « ac,oal s,r * chin » «■ «*» « »*«™ n:uAio VSiiSLi 

Examples 

«J'tZ2J 'rZl^ 3 " tH * •"• c, l veness of ,h » !»•«•* invention, particularly in respect of improved shrink force and 



40 



Film Samples: 

l\ m e Pl t S h f !? S 1he ^P 0 * 1 ** 0 ™ listed in Table I were prepared by blending the components in the wekjht concentre- 
mate^Sr The' SfS^ *° ^ 6 * * ^c£tZ™7to 



45 



SO 
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Properties of the Film: 

random order in blocks of nine to eliminate systematic test error ,esl was run 

,k F ?k * 3 .u h ,ormula,ion - 6 stri P s W8r « hM, «* in °v«n for three minutes at 65.5'C; three strips with a fixed weioht and 

x ^^x ? ^^- ^ ,i,m s,r * — ^ri f r«?is 

The % recovery was calculated by the following formula: 

Initial length* . Final length" 

Percent Recovery. x 100 

Initial length* - 4 cm 

Initial stretched length (cm) after *snapback". 
** Final length (cm) after full shrinkage at 150°F (65.5°C) in oven. 

Table II presents the results, comparing the three sample average for each formulation of the present invention (Samples 
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A, B and C) with the three sample average of each formulation of the prior art (Samples D, E and F). 

As revealed In Table II. the percent recovery under restrained condrtbns Samples A. B and C was higher than that of 
Samples D. E, and F. Percent restrained recovery for the A. B, C sample group averaged 86.4 %. whereas that of D E F 
group averaged 82.3 %. The shrink force, which is the force required to keep the film from shrinking can be calculated 
from these data. As shown in Table II, the shrink force for Samples A, B and C was substantially higher than that for Sam- 
pies D. E, and F. Samples A and B exhibited particularly improved shrink force. 

The higher shrink force of the Samples A, B and C permits use of a thinner gauge film at the same draw ratio as dem- 
onstrated by the following experiments. 

Additional experiments were conducted to demonstrate shrinkage as a function of restraining force and shrinkage tern- 
perature. Two onented films having the compositions of Samples A and 0 were prepared using a Marshall and Williams 
Tenter operated under typcal conditions described in the orientation section hereof. Each film thus was processed as fol- 
lows: 



15 



20 



Initial Length 
Stretch Length 
Controlled Shrinkback 
Length 

Final Stabilized Length 
Film Gauge (Inrtial) 
Film Gauge (Final) 
Draw Ratio (Inrtial Film 
Gauge/Final Film Gauge) 



Sample A 

(22.5 inches) 57.15 cm 
(66 inches) 166 cm 

(60 Inches) 152 cm 
(50 inches) 127 cm 
102 microns (avg) 
42 microns (avg) 

2.42 



Sample D 

(22.5 inches) 57.15 cm 
(66 inches) 168 cm 

(60 inches) 152 cm 
(50 inches) 127 cm 
146 microns (avg) 
58 microns (avg) 

2.51 



3C 



35 



40 



. *LV? teST) ° f eaCh ,ilm Samp,e were taken and * shrinkage in an oven at a controlled tempera- 

ure , (49-C or 65.5 C) and the following restraining forces: 0,12 g, 24 g, 48 g and 60 g. Each strip was permitted to shrink 
or three minutes. Taole III presents the three-strip average for each test. These data demonstrate that the shrink stress 
for the composrtcn o the present invention was substantially higher than the composition of the prior art. Moreover the 
shrink force for Sample A strips exhibited substantially higher shrink force than the Sample D strips, even though the tarter 
strips were substantially thcker in gauge (and hence larger cross sectional area) than the former strips 

ins preferred that the thermoplastic elastomer film on the present invention have a shrink stress of at least 5 000 

Ek S2.?^ Pf0Vk,infl SUtfidem f ° rC * ,0r hS in,ended * * 

Thkrlmh* ^i" 0 . 1 ?- n °£ ^ Tab ' e "1 data that the sh>inka 9* * 0«ntrally linear with respect to the applied force 
This permrts calculating the shr.nk force and shrink stress. Note that the shrink temperature of 65.5 e C is higher than the 
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55 



Antiblock Properties 

t^TsSes" D E MtiF™ **** ****** ^ an,iblockin 8 Parties in comparison to films of the composi- 

n~f h film tK Samp,e A ' C ' D ' E and F compositions (150 micron thick unoriented) were stored for sev- 
eral weeks. The films were then manually separated and subjectively rated for blocking (i.e., resistance to unwinding). 

Sample Observed Blocking 



A 
B 
C 
D 
E 
F 



No blocking 
Slight tackiness 
No blocking 
Fully Becked 
Partial Blocking 
Partial Bbcking 



60 olTtS^u ^ ^fl^^^l * S i l ? p0 . rtan, i ! n the film during tentering or during unwinding the oriented film of use. Sticking 

e>o of the film is undesirable since rt sows .down the operation or renders the process inoperable. S 



65 



Thermoplastic Elastomer Film with Coating 

Another embodiment of the present inventcn is directed specially at solving blocking associated with thermoplas 
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elastomers, particularly those containing process oil and for high VA, ethylene vinyl acetate. These films are tacky by na- 
ture and require antiblock agents such as particulate silica. The elastomer present in these blends appears to prevent uni- 
form distribution of particulate antiblock in the resin with the result that the antiblock does not become uniformly distributed 
n the film surface. 

5 In one aspect of this invention, a thin coating of an ethylene polymer or copolymer is provided on one or both sides of 

the base thermoplastic elastomer (core). The subsequent stretching of the film further reduces the thckness of the coat- 
ing, The coaling thickness ratio (final/initial) is in proportion to the draw ratio. Preferably the coating comprises conven- 
tional low density polyethylene (LOPE) having * high Melt Index (in excess of 3.0). Other ethylene polymers and copoly- 
mers that may be used as the coating include linear tow density polyethylenes (LLDPE). EVA, etc. These materials should 
10 have relatively high Melt Indicts (in excess of 3.0, preferably 5.0 - 30.0) and should be capable of high draw down, mak- 
ing them suitable for eoextrusion wfth the base resin (core layer), and should possess non-tacky properties or be treatable 
to a nontacky condition (e.g. addition of antiblock). Coextrusbn is the preferred coating method, but extrusion coating may 
also be used. 

ft is essentia! that the coating be sufficiently thin to avoid interference with the shrink and elastic properties of the ther- 
15 monastic elastomer but sufficiently thick to impart anttotock properties to the composite. This latter requirement means 
that the coating must be capable of carrying uniformly distributed therein particulate finely divided antiblock agent. 

As applied to the core or base resin, the coating will comprise between 2 to 15. preferably 2 to 10 weight percent of 
the composite and not more than 25 microns thick. Following the orientation, the coaling will be reduced to a thickness of 
not more than 7 microns and as thin as possible. Preferred thickness after orientation is between 1 and 5 microns. 
20 The amount of antiblock in the coaling may range from 500 to 5,000 ppm, with 1,000 to 4.000 being preferred The 

coating may include slip agents such as erucamide and oleamide. 

The coaling may be applied to only one side of the base resin but preferably is applied to both sides. 

25 Operation 

In practice, the process of the present invention may be carried out using an in-line operation wherein the extruder and 
orientatcn system (e.g., tenter) are arranged in tandem to form the film by casting or melt embossing followed by film 
orientation. Alternatively, these operations may be carried out separately . 

30 In a preierr&6 embodiment, the compounded resin containing the three main ingredients along with the other additives 

is introduced into an extruder and extruded into a web from a flat or coathanger type die and melt embossed through 
counter rotating chill roll and embossing rolls. The film thickness may vary from 50 to 400 microns before orientation and 
from 10 to 200 m»crons after orientation. Preferably the film will have a final stabilized thickness of between 10 and 100 
microns after orientation and annealing. The film is wound on a take up roll and transferred to tentering equipment or pro- 

35 cessed in line wrth the tenter. 

The edges of the film are gripped in the tentering equipment and passed successively through (a) a preheat stage (b) 
an expansion stage wherein the film is stretched laterally at an elevated temperature, (c) an annealing stage and finally 
d) a cooling stage where the stretched film is cooled to near ambient temperature. Once the restraining force is released* 

40 or use" 1 r9ta ' nS m ° St ° f Strb,Ched ,enS!h * This ti,m * wound on a xak * U P rol, « for transport 

The dimensionalry stable film may be secured to a flexible substrate and heated causing ft to shrink. Shrinkage com. 
mences at a few degrees above storage temperature, reaching maximum at some temperature above the orientatcn tern- 
perature. 

In the embodiment for the coating of a thermoplastic elastomer, the operation may be the same as above except that 
45 in extrusion of the resm to form the film, a eoextrusion die may be used to apply the thin coating on one or both sides of 
the thermoplastic elastomer core. 

In either embodiment, the film produced has excellent shrink force properties and good antiblock properties. 

50 Table I 

Film Sample Comparative Film Samples 

Component A B C D E F 

55 Itastomer 1 22.6 wt % 27.0 wt % 39.4 wt % 39.4 wt % 22.6 wt % 27.0 wt % 

d rs * 71.7 wt% 66.2 wt% 55.0 wt % 41.6 wt % 58.4 wt % 49.6 wt % 

Process Oil* 5,6 wt % 6.8 wt % 5.6 wt % 19.0 wt% 19.0 wt % 23 4 wt % 

Ml 3.25 2.63 2.16 2.66 6.6 10,3 

60 I F?^??^!!^ as Vista,on 3708 *>y Exxon Chemical Company. 

2 LD-767 (28 wt % VA) sold by Exxon Chemical Company. 

3 Arco Prime 350 sold by Arco Chemical Company. 

65 
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Table II 
























Initial 










Calculated 










Gauge 


Initial 


Final 


^Recovery 


ShrlnkForce 




5 


Semple 


Test 


(microns) 


Length (cm) 


Length (cm) (Actual Draw) (grams). 






A 


Free 


157.5 


e.o 


4.3 


91.6 












Restrained 




o n 

0.0 


4.5 


87.5 










B 


Free 


157.5 


6.0 


4.4 


90.0 








10 




nestrameo 






4.5 


86.8 




450 






C 


Frae 


152.4 


8.0 


4.4 


89.9 












Restrained 


154.9 


7.9 


4.6 


85.6 




169 






D 


Frae 


152.4 


8.1 


4.3 


91.9 












Restrained 


149.9 


8.2 


4.7 


82.2 




134 




t5 


E 


Frae 


160.0 


7.9 


4.3 


91.5 












Restrained 


162.6 


8.0 


47 


82.6 




148 






F 


Free 


157.18 


8.1 


4.4 


68.5 












Restrained 


152.4 


8.1 


4.7 


81.3 
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Table III 
























Strip Length after shrinkage (cm) 


























Shrink 


Shrink 


















Force Area 


Stress 


25 


Restraining Fore* (grams) 0 


12 24 


36 


48 


60 


(grama)** (cm 2 ) 


g/cm ? 






49°C 


8.06 


8.33 9.62 


8.89 


9.08 


9.33 


91 .010 


9,100 




Sample A" 65.5°C 


5.83 


6.26 6.98 


7.73 


6.38 


9.43 


73 .011 


6.636 






49°C 


8.57 


8.82 9.15 


9.41 


9.74 


10.01 


59 .014 


4,214 


30 


Sample D' 65.5°C 


5.73 


6.23 6.91 


7.90 


8.75 


10.04 


65 .016 


4.063 



* three strip sample average 
'* calculated 
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Claims 

1. An oriented film which is dimensionalry stable, thermally unstable in the stretch oriented condition and ccntractible to a 
thermally stable and elastic condition by application of heat, and which has a Wend composition comprising an olefinic 

AO elastomer, a normally liquid process oil and a thermoplastic ethylene copolymer, characterised in that the blend comprises 
from 10 to 40 weight percent of the olefinic elastomer, not more than 12 weight percent of the normally liquid process oil, 
and from 50 to 80 weight percent of the thermoplastic ethylene copolymer, and in that the film is stretch oriented in draw- 
ratio of from 1.3 : 1 to 6 : 1. 

2. A film as defined in claim 1 wherein the thermoplastic ethylene copolymer is EVA, EAA or EMA and wherein the film 
has been stretch oriented in the transverse direction at a temperature not less than 37°C and not more than 5.6°C below 
the crystalline mefting point of the copolymer and partially annealed in a stressed condition. 

3. A film as defined in claim 1 wherein the blend composition comprises from 15 to 30 weight percent of EPM or EPDM 
50 as olefink: elastomer, from 60 to 80 weight percent of EVA having a vinyl acetate content of 9 to 40 weight percent, and 

from 2 to 10 weight percent of a normally liquid aromatic, naphthenic or paratfinic process oil. 

4. A film as defined in claim 3 wherein the blend composition comprises from 20 to 30 weight percent of the olefinic elas* 
tomer. from 65 to 75 weight percent of the EVA, and from 4 to 8 weight percent of the process oil. 

5. The film of claim 3 wherein the EVA has a VA content of from 15 to 35 wt %. 

6. A film as defined in any of claims 1 to 5, wherein the film has been stretch oriented in the transverse direction at a draw 
ratio of from 2 : 1 to 4 : 1 . 

60 

7. A film as defined in any of claims 1 to 6. which has a shrink str ss of at least 5,000 g/cm 2 at the stretch rientation tern* 
perature. 

8. A process for preparing a heat shrinkage oriented film as defined in claim 1 but where the oil content of the blend com- 
65 pes rt on is not more than 10 weight percent; which comprises 
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(a) extruding the blend in melt form to form a film; 

(b) stretch orienting the film in the TD from 1.5 to 9 times its riginal length at a temoerature not less than 37°C and not 
more than 5.6°C below the crystalline melting point f the ethylene copolymer; 

(c) partially annealing the stretched film; and 

5 (d) cooling the film while maintaining stress on the film. 

9. A process as defined in claim 6 wherein the ethylene copolymer is EVA, EAA, or EMA. 

10. A process as defined in claim 9 wherein the annealing step is carried out under stress and at a temperature between 
10 ± 11.1°C of the orienting temperature. 

11. A process as defined is claim 10 wherein the annealing and cooling steps are carried out in part by permitting the film 
to shrink in the TD by no more than 30 % of the total stretch distance. 

15 1 2. A process as defined in any of claims 8 to 11 wherein the stretch orientation stretches the film by from 2 to 4 times its 
original length in the TD. 

13. A process . according to claim 8 wherein the composition comprises 

20 (i) from 15 to 30 weight percent of an EPM or EPDM elastomer (as the elastomer component); 

(ii) from 60 to 80 weight percent of an ethylene vinyl acetate copolymer (EVA) having a vinyl acetate content of 
about 1 5 to 35 weight percent (as the ethylene copolymer component); and 

(iii) from 2 to 1 0 weight percent of a normally liquid hydrocarbon process oil (as the oil component), and wherein 

(a) the film is stretch oriented to a film having a thickness of between 50 and 400 microns by drawing the film in 
25 the transverse direction from 1.5 to 9 times its original length at a temperature of from 37 e C to below the crystal- 
line melting point of the EVA; 

(b) the film is partially annealed at an annealing temperature of ± 22.2°C of the stretch temperature but less than 
the crystalline melting point of the EVA while maintaining a stress on the film; and 

(c) the film is cooled to ambient temperature while maintaining a stress on the film during at least a poflion of the 
30 step. 

14. A composite comprising 

(a) a first layer comprising the film defined in any of claims 1 to 7; and 

35 

(b) a second layer of stretch oriented film adhered to said first layer and comprising a polymer or copolymer of 
ethylene having a Meh Index of at least 3.0, said second layer being no thicker than 7 microns in the stretched 

. condition and comprising from 2 to 1 5 weight percent of the composite. 

40 15. A composite as defined in claim 14 wherein said second layer is coextruded with said first layer. 

16. A composite as defined in claim 14 or 15 wherein the second layer comprises LDPE having a Meh Index between 5 
and 30. 

45 17. A composite as defined in claim 16 which comprises two of said second layers, one coextruded onto each side of 
said first layer. 

18. A composite comprising 

50 (a) a layer of flexible substantially inelastic material; and 

(b) . a layer of film as defined in any of claims 1 to 7 secured to the layer of flexible substantially inelastic material 
whereby application of heat contracts both t!ie film and the layer of flexible, substantially inelastic material. 



55 



19. A process for preparing an elasticized composite according to claim 18 which comprises 



(a) stretch orienting a film having a thickness of from 50 and 400 microns and a composition of 

(i) from 15 to 30 weight percent of an EPM or EPDM elastomer; 

(ii) from 60 to 80 weight percent of an ethylene vinyl acetate copolymer (EVA) having a vinyl acetate content of 
from 9 to 40 weight percent; and 

50 (iii) from 2 to 10 weight percent of a normally liquid hydrocarbon process 

by drawing the film in the transverse direction from 1.5 to 9 times its original length at a temperature not less than 37 e C 
and below the crystalline melting point of the EVA; 

(b) annealing the film at an annealing temperature of * 11.1 °C f the orientation temperature while maintaining a 
stress on the film; 

55 (c) cooling the film to room temperature; 
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(d) ••curing a strip of the film to a layer f flexible, substantially inelastic material at longitudinally spaced locations 
along the film to form a composite; 

(e) heating the composite to a temperature in excess of 37*C to within ± 1 1 .*C of the orienting temperature whereby' 
the film and the layer of flexible, substantially inelastic material contract to an elastic heat stable condition. 

20. The process of daim 19 wherein the orienting temperature and annealing temperature are between 37°C and 71 °C. 



Patentanepruehe 

1. Orientierte Folie, die dimensbnsstabil. im ttrecfcorientierten Zustand thermtsch instabil und bei Anwendung von 
Warme in einen thermtsch stabilen und elastischen Zustand zusammenziehbar tst und die eine Mischungszusammenset- 
zung besitzt, die ein olefinisches Elastomer, ein hormalerweise flussiges ProzeB6l und ein thermoplastisches Ethylenco- 
polymer umfaBt, dadurch gekennzechnet, daB die Mischung 10 bis 40 Gew.-% olefinisches Elastomer, nicht mehr ais 12 
G©w.-% normalerweise flussiges ProzeB6l und 50 bis 80 Gew.-% thermoplastisches Ethylencoporymer umfaBt und daB 
die Folie in einem Reckverhattnis von 1,3 : 1 bis 6 : 1 streckorientierl ist. 

2. Folie nach Anspruch 1, in der das tnermoplastische Ethylencoporymer EVA. EAA Oder EMA ist und die bei einer Tem- 
peratur von weniger a Is 37*C und nicht mehr als 5.6°C unterhalb des kristallinen Schmelzpunkts des Copolymers in Ouer- 
richtung streckorientierl und in einem gespannten Zustand tetlweise get em pert worden ist. 

3. Folie nach Anspruch 1, bei der die Mischungszusammensetzung 15 bis 30 Gew.-% EPM Oder EPDM als olefinisches 
Elastomer, 60 bis 80 Gew.-% EVA mrt einem Vinylacetatgehalt von 9 bis 40 Gew.-% und 2 bis 10 Gew.-% eines nor- 
malerweise flussigen aromatischen, naphthenischen oder paraffinischen ProzeBols umfaBt. 

4. Folie nach Anspruch 3, bei der die Mischungszusammensetzung 20 bis 30 Gew.-% des olefinischen Elastomers. 65 
bis 75 Gew.-% EVA und 4 bis 8 Gew.-% Prozeftbl umfaBt. 

5. Folie nach Anspruch 3, bei der das EVA einen Vinylacetatgehaft von 15 bis 35 Gew.-% besrtzt. 

6. Folie nach einem der Anspruche 1 bis 5. die in Ouerrichtung mrt einem Reckverhattnis von 2 : 1 bis 4 : 1 streckorien- 
tierl worden ist. 

7. Folie nach einem der Anspruche 1 bis 6, die eine Schrumpfspannung von mindesiens 5000 g/cm 2 bei der Streckorien- 
tierungstemperatur besrtzt. 

8. Verfahren zur Hersteliung einer warmeschrumpfbaren orientierten Folie gemaB Anspruch 1, bei der aber der Olgehaft 
der Mischungszusammensetzung nicht mehr als 10 Gew.-% betragt, bet dem 

(a) die Mischung in Form einer Schmelze zur Bildung einer Folie extrudierl wird. 

(b) die Folie bei einer Temperatur von nicht weniger als 37°C und nicht mehr als 5,6 S C unterhalb des kristallinen 
Schmelzpunkts des Ethylencoporymers in Ouenichtung auf das 1,5 bis 9fache der Ausgangsiange streckorien- 
tien wird; 

(c) die gestreckte Folie teiiweise get em pert wird und 

(d) die Foiie gekuhrt wird. wahrend sie unter Spannung gehaften wird. 

9. Verfahren nach Anspruch 8. bei dem das Ethylencoporymer EVA, EAA oder EMA ist. 

1 0. Verfahren nach Anspruch 9. bei dem die Temperstufe unter Zugspannung und bei einer Temperatur von ± 1 1 1 °C der 
Orientierungslemperatur durchgefuhrt wird, 

11. Verfahren nach Anspruch 10, bei dem die Temper- und Ktihlstufen zum Teil ausgetuhrt werden, indem der Folie ges- 
tattet wird, in Ouerrichtung urn nicht mehr als 30 % der gesamten Strecklange zu schrumpfen. 

12. Verfahren nach einem der Anspruche 8 bis 11. bei dem die Streckorientierung die Folie in Ouerrichtung auf das 2- bis 
4-fache der Ausgangsiange streckt. 

13. Verfahren nach Anspruch 8, bei dem die Zusammensetzung 

(i) 15 bis 30 Gew.-% eines EPM oder EPDM Elastomers (als die Elastomerk mponente), 

(ii) 60 bis 80 Gew.-% eines Ethylenvinylacetatcopofymers (EVA) mrt einem Vinylacetatgehah von etwa 15 bis 35 
Gew.-% (als die Ethylencopolymerkomponente) und 

(iii) 2 bis 10 Gew.-% eines normalerweise flussigen KohienwasserstotfprozeBols (als die Olkomponente) umfaBt und 
bei dem 

(a) die Folie zu einer F lie mrt einer Dicke zwischen 50 und 400 uJn streckorientiert wird. indem die Folie be; 
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S^SiSlS Tcw A I,T' , • mp •. ra,U, VOn * 22 - 2 * C daf Str«dfl.mp«ratur .bar unterhalb des kristallinen 

. £ 1 g«t«mp«rl wild, wahr nd si* untar Spannung gehaltan wird. und 
tUlK? , ^•^■»«WUir abgakuhR wird. wahrand .i« zumirrias. wShrand ainas Tails diaser Ver- 
fahransstufe untar Spannung gahallen wird. ver 

14. Varbund.dar 

(a) aina arsla Schicht. dia aina Folia gem&B ainam dar Anspruch* 1 bis 7 umfaBt un 

(b) a.ne zwerte. ^ dar arstan Schicht haftanda Schicht aus atrackoriantierter Folia umfaSt. dia ain Polymer Oder Co- 
polyrnar von Ethytanmrt ainam Schmabindax von mindastans 3.0 omf.Bt. wobai dia zwarte ScNcE? I c£r 
>ls 7 um im gestreckten Zuatand ist und 2 bis 15 Gaw..% das Varbunds ausmacht. 

15. Varbund nach Anspruch 14. bai dam dia zwahe Schicht mh dar arstan Schicht coaxtrudiart wordan ist. 

16. ^ Varbund nach Anspruch 14 odar 15. bai dam zwafta Schicht LOPE mi. ainam Schmalzindax zwischan 5 und 30 um- 

c 0 7 a«r e uSan < sind Ch *' *' Um,a8t - dia *" aite auf aina Schcht 

18. Verbund, dar 

(a) aine Schicht aus flaxiblam. im wesentlichan unelaslischam Material und 

(b) aine Schicht aus ainer Folia gemaS ainam dar Ansprucha 1 bis 7 bafAstim mjf Hor «;.. 

TSSHTn T,' aS,iSCh ' m Ma !^ al Um,aBT ' dia AnVaJdl^ ?SLS SwoN^Vo ia 5 ^ Sdl 
Scheht aus flax>blem. m wesentlichen unelastischam Malarial zusammenzieht. 

19. Verfahren zur Harstallung ainss alastifiziertan Varbunds nach Anspruch 18. bai dam 

eine Folia mh einer Dicke von 50 bis 400 um und einer Zusammensetzung von 
(i) 15 bis 30 Gew.-% ernes EPM oder EPDM Elastomers 

(,,) GeJ. S %uS ) eW " % 9in8S E,h * ,anvin y |a <»' a '«>P°'y™rs (EVA, mk ainam Viny.acetatgehat. von 9 bis 40 
(iii) 2 bis 1 0 Gew.-% ainas normalerweise fliissigen KohlenwasserprozeBols 

(c) die Folie auf Raumtemperatur gekuhh wird 

7?»C V .» 9 en en ^ A " SPrUCh 19 ' di6 ^"''-^BStemparatur und dia T.mpertemperatur zwischen 37'C 



(a) 



(b) 



und 



Revendtcationa 



caSr^Snrjn 2^^^ ? - a «* « - 

siton de .ormu.ation compr.nan, un taJIrJiS^ S raSssTe tSSSZ? Tr "~ CX>mP °- 

d'eihylene thermoplaslique, caraaer.se an ca qua la ^^«ZJ^!^!^^^^i^' un "Porymir. 
pas plus da 12 % an po-ds da Phuite ramol.i«am. hLrtueZem ES?JSo .loV.^'S?.? '"T'f " S"'^" 6 ' 
thermoplastiqua. a. an c. qua la film ast orian.e par a.ir4e an un %£n%%r}j?£ u ^/""^mere dethylene 

1*55 S^uTSfS! iattS ^a^SrSr ,herm ?'f ^ "« °" «*»^ a ^V. EAA ou 
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15 



3. Film survant la revindication 1, dans (equal la composition du melange comprend 15 a 30 % en poids de EPMoj 
d'EPDM comme elastomere olefinique. 60 a 80 % en poids de EAV ayant une teneur en acetate de vinyle de 9 a 4C % er. 
poids et 2 a 10 % en poids d'une huile ramollissante aromatique. naphtenique ou paraffinique habrtuellement liquide 

4. Film survant la revendication 3, dans lequel la composition du melange comprend 20 ft 30 % en poids de relastomere 
olefinique, 65 ft 75 % en poids du EAV et 4 ft 8 % en poids de Thuile ramollissante. 

5. Film survant la revendication 3, dans lequel le EAV po&sede une teneur en AV de 15 ft 35 % en poids. 

6. Film survant Tune quelconque des revocations 1 ft 5. dans lequel le film a ete orient© par etirage dans la direction 

transversals, en un rapport d'etirage de 2 : 1 ft 4 : 1. 

7. Film suivant Tune quelconque des revendications 1 ft 6. qui possede une tension de retraction d'au moins 5000 g'crr, 2 
ft la temperature d'orientation par etirage. 

8. Procede de preparation d'un film orient 6 thermoretractable aurvarrt la revendication i, mais dans lequel la teneur en 
huile de la composition du melange est non superieure ft 10 % en poids. qui oonstste 

(a) ft extruder le melange sous forme d'une masse fondue pour former un film; 
20 • (b) ft orienter par etirage le film dans la DT de 1,5 ft 9 fois sa longueur inrtiale ft une temperature non infenejre a 
37°C et non superieure ft 5,6°C au-dessous du point de fusion cristaltine du coporymere d'ethylene- 

(c) ft soumettre ie film etire ft un recuit partiel; et 

(d) ft ref roidir le film tout en maintenant le film sous tension. 

25 9. Procede suivant la revendication 8. dans lequel le copolymere d 'ethylene est un coporymere EAV, EAA ou EMA. 

10. Procede suivant la revendication 9. dans lequel I'etape de recuit est eftectuee sous tension et ft une tempe-a:ure 
egafe a la temperature d'orientation 1 11 ,1°C. 

■30 11 Procede suivant la revendication 10, dans lequel les etapes de recuit et de refroidissement sont effectuees er. pane 
en la.ssant la retraction du film s'effectuer dans la DT. mais ft une distance non superieure ft 30 % de la distance totale 
d etirage. . 

12. Procede suivant (une quelconque des revendications 8 ft 11, dans lequel I'orientation d'etirage etire le film de 2 a 4 
35 fois sa bngueur inrtiale dans la DT. 

13. Proced6 suivant la revendication 8, dans lequel la composition comprend 

(i) 1 5 ft 30 % en poids dun elastomere EPM ou EPDM (comme constrtuant elastomere)* 
40 (i.) 60 ft 80 % en poids dun copolymere ethyleneacetate de vinyle (EAV) ayant une teneur en acetate de vinyle d'en- 
viron 15 a 35 % en poids (comme constrtuant copolymftrique d'ethylene); et 

2 ft 10 % en poids dune huile hydrocarbonee ramollissante habrtuellement liquide (comme constrtuant huile jx) 
ei cans lequel 

(a) le film est orients par etirage en un film ayant une epaisseur de 50 a 400 micrometres par etirage cu film 
dans les directions transversales de 1.5 a 9 fois sa longueur initiate a une temperature non inferieure a 37«C e- 
infeneure au point de fusion crisialline du copolymere EAV; 

(b) le film est soumis a un recuit paniel a une temperature de recuit egaie a la temperature d'etirage ♦ 22 2=C 
mais infeneure au point de fusion crisialline du EAV. tout en maintenant le film sous tension et 

(c) ie film est refroidi a temperature ambiaite. tout en maintenant le film sous tension au cours d'au mo.rs une. 
'« pan ie oe i etape. 

1 4. Composite comprenant 

(a) une premiere couche comprenant le film defini suivant Tune quelconque des revendications 1 a 7 et 

tV° n w m °"*? 6 p3f * ,if89e ,ixee a ladKe P r8mii, » •« comprenant un polymere o j eo- 

po^mere d ethylene ayant un md.oe de fluidite d'au moins 3.0. ladite s«x>nde couche ayant unease.- non 
supeneure a 7 mcrometres a letat etire et representant 2 a 15 % en poids du composite. 

eo 1 5. Composite suivant la revendication 14. dans lequel la seconde couche est coextrudee avec la premiere couche ' 
flL? o n e f 1^30 SUiVan, 13 reV8ndiCa,i0n 14 0U 15 ' dans te « ue ' ,a S9Cond « »uche consist, n PEBD ayan, un ind.ca de 

65 Si£^*'^££^ 16 ' COmpf6nd *" coextrudee 



45 



(iii) 
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18. Compos it© comprenant 

(a) una couch© de mature flexible pratiquement inelastique; at 

(b) una couche d*un film survanl Tuna quatoonqua das rave ndications 1 a 7 fbree a la couche da matiere flexib'e 
pratiquement melastique. on chauffage oontractant ainsi a la lots la film at la coucha da matiere flexible pratique, 
mant melastique. .^«i»Mue 

1 9. ProcWA da preparation d'un composita randu tlastique. aurvant la ravandication 1 8. qui conaista 

(a) » onenter par etirageunf.Im ayant una epaisseur da 50 a 400 micrometres at una composition eomprenant 

(i) 15 a 30 % en potds d*un tfastomere EPM ou EPDM; 

(ii) 60 * 8C >% en poids d'un copolymer© ethylene-aceiale da vinyle (EAV) ayant una tanaur an acetate de vinyle 
as 9 a 40 % en pons; at ' 

(iii) 2 a 10 % en pods d'une huila hydrocarbonee ramollissante habituellemem liquida; 

par et.ra^ du film dans la diraction transversal? da 1,5 * 9 to* sa longueur initiaia a una temperature non in- 
lanaureB37»CatinfanauraBopointdafusonefistallinaduEAV; 
a soumeme le film a un racuit a una tamparatura da racuit egale a la tamparatura d'orientation ± 11,1»C tout en 
maintenant la film sous tansion; . ' 

(c) a rafroidir la film a tamparatura ambianta; 

tOO? a.™'??**, d " ,Un ? "J 1 "* OOUCh * d ' matiar * P'*"."*™'* inalastique. a das emplacements as- 
paces bngitudinaiement le bng du film pour former un composite- • ■ 

t^^l*'!? "Tf ^u 1 !"' ,em P 9ra,ur « ""a"! <*e P'u* 0a 37»C* a la tamparatura d'orientatiori ± 1 1»C, le film e- 
la coucha de matiere flexible, pratiquamant inalastique. se contractant ainsi a ratal elastique. thermostable. . 

f °7rc° CW * SWiVam ' a revendica,ion 1 <Jans "* temperature d'orientatcn at la temperature de racuit vont de 37<C 



(b) 

(c) 
(d) 

(e) 
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